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© Method for recording and reproducing a pattern of penetrating radiation. 



© A method for recording and reproducing a pat- 
tern of penetrating radiation comprising the steps of : 

(i) causing a photostimulable storage phosphor (1) 
to absorb penetrating radiation having passed 
through an object or emitted by an object thereby 
storing energy of said penetrating radiation in said 
phosphor, and 

(ii) stimulating said phosphor with an electromag- 
netic radiation beam (2) striking said phosphor to 
release energy stored in said phosphor as flu- 
orescent light, wherein said fluorescent light has a 
maximum of emission situated less than 80 nm 
remote from the spectral line or closest band 
edge of the emission band of the stimulating light 
source, and 

*J (iii) detecting said fluorescent light after having 
^ substantially attenuated reflected stimulating light 
O by using at the entrance of said detection means 
© a holographic band-reject filter (6) attenuating by 
* a factor of at least 10 s the stimulating light strik- 
N ing said filter. 

JTJ An embodiment of an apparatus suited for use in 
said method is schematically illustrated in Fig. 1. 
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1. Field of the invention. 

The present invention relates to a method for 
recording and reproducing a pattern of penetrating 
radiation. 

2. Background of the Invention 

In radiography the interior of objects is repro- 
duced by means of penetrating radiation, which is 
high energy radiation also known as ionizing radi- 
ation belonging to the class of X-rays, gamma-rays 
and high-energy elementary particle radiation, e.g. 
beta-rays, electron beam or neutron radiation. For 
the conversion of penetrating radiation into visible 
light and/or ultraviolet radiation luminescent sub- 
stances, called phosphors are used. 

In a conventional radiographic system an X-ray 
radiograph is obtained by X-rays transmitted im- 
agewise through an object and converted into light 
of corresponding intensity in a so-called inten- 
sifying screen (X-ray conversion screen) wherein 
phosphor particles absorb the transmitted X-rays 
and convert them into visible light and/or ultraviolet 
radiation to which a photographic film is more 
sensitive than to the direct impact of X-rays. 

In practice the light emitted imagewise by said 
screen irradiates a contacting photographic silver 
halide emulsion layer film which after exposure is 
developed to form therein a silver image in confor- 
mity with the X-ray image. 

More recently as described e.g. in US-P 
3,859,527 an X-ray recording system has been 
developed wherein photostimulable storage phos- 
phors are used having in addition to their imme- 
diate light emission (prompt emission) on X-ray 
irradiation the property to store temporarily a large 
part of the X-ray energy. Said energy is set free by 
photostimulation in the form of fluorescent light 
different in wavelength from the light used in the 
photostimulation. In said X-ray recording system 
the light emitted on photostimulation is detected 
photoelectronically and transformed into sequential 
electrical signals. 

The basic constituents of such X-ray imaging 
system operating with a photostimulable storage 
phosphor are an imaging sensor containing said 
phosphor in particulate form normally in a plate or 
panel, which temporarily stores the X-ray energy 
pattern, a scanning laser beam for photostimula- 
tion, a photoelectronic light detector providing ana- 
logue signals that are converted subsequently into 
digital time-series signals, normally a digital image 
processor which manipulates the image digitally, a 
signal recorder, e.g. magnetic disk or tape, and an 
image recorder for modulated light exposure of a 
photographic filmor an electronic signal display 
unit, e.g. cathode-ray tube. A survey of lasers use- 



ful in the read-out of photostimulable latent fluores- 
cent images is given in the periodical Research 
Disclosure December 1989, item 308117. 

Of special interest in the application of said 

5 image recording and reproducing method are par- 
ticular barium fluorohalide phosphors identified in 
US-P 4,239,968. 

According to said US-P a method is claimed 
for recording and reproducing a radiation image 

w comprising the steps of (i) causing a visible ray- or 
infrared ray-stimuiable phosphor to absorb a radi- 
ation passing through an object, (ii) stimulating said 
phosphor with stimulation rays selected from visi- 
ble rays and infrared rays to release the energy of 

15 the radiation stored therein as fluorescent light, 
characterized in that said phosphor is at least one 
phosphor selected from the group of alkaline earth 
metal fluorohalide phosphors represented by the 
formula : 

20 

(Ba^M^FXiyA 
wherein : 

M" is one or more of Mg, Ca. Sr, Zn and Cd; 

25 X is one or more of Br, CI or I; 

A is at least one member of the group consisting of 
Eu, Tb, Ce, Tm. Dy, Pr, Ho, Nd. Yb and Er; and 
x is in the range 0 £ x £ 0.6 and y is in the range 0 
£ y £ 0.2, and that the wavelength of said stimulat- 

30 ing rays is not less than 500 nm. 

In Fig. 3 of US-P 4,239,968 a graph shows the 
relationship between the wavelength of the stimula- 
tion rays and the luminance of the stimulated light, 
i.e. the stimulation spectrum wherefrom can be 

35 learned that said kind of phosphor has high 
photostimulation sensitivity to stimulation light of a 
He-Ne laser beam (633 nm) but poor 
photostimulability below 500 nm. The stimulated 
light (fluorescent light) is situated in the wavelength 

40 range of 350 to 450 nm with a peak at about 390 
nm (ref. also the periodical Radiology, Sept. 1983, 
p.834.). 

From said US-P 4,239,968 can be learned that 
it is desirable to use a visible ray-stimulable phos- 

45 phor rather than an infra-red ray-stimulable phos- 
phor because the traps of an infra-red-stimulable 
phosphor are shallower than these of the visible 
ray-stimulable phosphor and accordingly the radi- 
ation image storage panel comprising the infra-red 

so ray-stimulable phosphor exhibits a relatively rapid 
dark-decay (fading). Taking into account image fad- 
ing read-out has to proceed relatively soon after 
the image-wise exposure to penetrating radiation 
and the read-out time (scanning time) has to be 

55 kept fairly short. Indeed, as explained in said US-P 
when the panel comprising an infra-red ray-stimula- 
ble phosphor is scanned with infra-red rays, and 
the fluorescent light emitted therefrom is processed 
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electrically, a certain period of time is required to 
scan the overall face of the panel, and accordingly, 
there is the possibility that a difference arises be- 
tween the initial output and the final output even 
though the initial portion and the final portion of the 
panel absorb the same amount of radiation before- 
hand. 

For solving the problem described above it is 
desirable to use a photostimulable storage phos- 
phor which has traps as deep as possible to avoid 
fading but such requires for emptying said traps 
light rays having substantially higher photon energy 
(shorter wavelength) than the usual He-Ne laser 
beam of 633 nm. 

A further advantage of photostimulation with 
shorter wavelenght light in comparison with the 
commonly used 633 nm He-Ne laser beam is an 
improvement in image-sharpness because shorter 
wavelength light of e.g. 500 nm and shorter is less 
diffracted in a phosphor panel containing in a bind- 
er dispersed phosphor particles acting as a diffrac- 
tion grating. 

However, when using shorter wavelength light 
in the photostimulation the separation of the stimu- 
lating light from the fluorescent light obtained by 
stimulation becomes more difficult since for a good 
signal-to-noise ratio (S/N) in the detection the mar- 
kedly higher energy of the shorter stimulating rays 
having a wavelength relatively close to the consid- 
erably weaker fluorescent light output signal has to 
be rejected without affecting the intensity of the 
fluorescent light. 

As described in published EP-A 0 007 105 (ref. 
also US-P 4,258,264) in order to obtain a high 
signal to noise ratio (S/N) the stimulating rays must 
be prevented from entering the detection means of 
the stimulated fluorescent light emitted by the 
phosphor because the ratio of the energy of the 
stimulating light to the energy of said fluorescent 
light emitted on photostimulation is as high as 
10*:1 to 10 6 :! so that the detection means will be 
blind by the overwhelming power of the stimulating 
light (laser light), the noise of which will interfere 
with the fluorescent light image. 

In order to effectively improve the S/N ratio it 
has been proposed to use a filter which cuts the 
light having wavelengths beyond the emission 
spectrum of the phosphor. Such can be done suffi- 
ciently effectively with cut-off or band pass colour 
filters known in the art when the maximum 
wavelenght of the spectrum of the fluorescent light 
emission and the wavelength(s) of the spectral line 
or band of the stimulating light are sufficiently 
separated (e.g. separated by at least 100 nm) in 
wavelength. 

Taking into account the objective of reducing 
the image-fading which can be achieved by using 
the deep traps in the phosphors that require 



photostimulation below 550 nm the fluorescent 
emission spectrum of many photostimulable phos- 
phors closely approaches the spectral line or band 
of the stimulating light and more severe filtration 

5 than with the usual colour filters is required. 

Particularly in case radiography is applied in 
medical diagnosis, it is desirable to operate a re- 
cording system having a sensitivity as high as 
possible in order to reduce the radiation dose ap- 

70 plied to a patient This implies that the noise 
should be reduced as much as possible in order to 
obtain a high signal-to-noise ratio, because a high 
signal-to-noise ratio is a prerequisite for images of 
high sharpness. 

16 The more effectively the stimulating rays are 

prevented from entering the detecting means, the 
higher is the laser power that can be used to read 
out the phosphor plate without introducing consid- 
erable noise from the reflected stimulating laser 

20 light. 

Application of a higher laser power implies a 
higher signal when the read-out speed is kept 
constant. Especially in these circumstances a more 
efficient blocking of stimulating light is in favour of 

25 a higher signal-to-noise ratio in the recording and 
reproducing of penetrating radiation images by 
means of photostimulable storage phosphors. 

A more efficient system to prevent simulta- 
neous detection of the stimulating light and the 

30 fluorescent light emitted by the photostimulated 
phosphor offers the possibility to increase the 
speed at which the image recorded in the stimula- 
te phosphor is read out, without affecting the 
signal-to-noise ratio. 

35 To obtain a high signal-to-noise ratio it is not 
only necessary to reduce the noise as much as 
possible, also the signal has to be as high as 
possible, which means that the light output of the 
stimulable phosphor in the stimulation stage should 

40 be as high as possible. This can be realized by 
stimulating the phosphor with laser light of a 
wavelength close to the wavelength of the highest 
stimulability of the storage phosphor, i.e. laser light 
that is matched as well as possible with the top in 

45 the stimulation spectrum of the phosphor. Apart 
from that, the highest fraction possible of the flu- 
orescent emission light of the phosphor should 
reach the detector to obtain a strong signal. 

It is very difficult to fulfill all these requirements 

so to reach the highest signal-to-noise ratio simulta- 
neously, especially when the emission wavelength 
of the storage phosphor is close to the wavelength 
of highest stimulability of the phosphor. 

In a present commercial radiographic system 

55 operating with photostimulable storage phosphors 
photostimulation proceeds with He-Ne laser 633 
nm stimulation light using an Eu 2 doped barium 
fluorobromide phosphor having a stimulation maxi- 
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mum close to 600 nm and having a fluorescent 
light emission maximum at about 390 nm. Herein 
no special problems arise to sufficiently prevent the 
stimulating light from entering the detector; a clas- 
sical colour cut-off or band pass filter (glass filter) s 
serves the purpose. 

Other efficiently photostimulable storage phos- 
phors have not such a large wavelength gap be- 
tween the wavelength of maximal fluorescence and 
wavelength of maximal photostimulability, Among 10 
these phosphors are Eu 2 * doped alkaline earth 
halosilicates described in published European pat- 
ent applications (EP-A) 0 304 121 and 0321 804, 
which phosphors can be photostimulated effective- 
ly with argon ion laser light of 514.5 nm and which 75 
have a fluorescent light emission spectrum 
(stimulation spectrum) with maximum at about 440 
nm. 

Still other phosphors that can be photostimulat- 
ed effectively with light of wavelengths shorter than 20 
550 nm are divalent europium activated barium 
fluorobromide phosphors the bromine-containing 
portion of which is stoichiometrically in excess of 
the fluorine portion. Such phosphors described in 
US-P 4,535,237 show a stimulation spectrum in 25 
which the emission intensity at the stimulation 
wavelength of 500 nm is higher than the emission 
intensity at the stimulation wavelength of 600 nm. 

Selection of stimulating light with a wavelength 
closer to that of the fluorescent emission light im- 30 
plies that a filter of higher performance and 
wavelength selectivity than a classical colour filter 
has to be used in rejecting the very high energy 
stimulation light without attenuating the already 
weak fluorescent emission light at the entrance of 35 
the detector. 

3. Objects and Summary of the Invention 

It is an object of the present invention to pro- 40 
vide a method of reading out a penetrating radi- 
ation image stored in a recording member contain- 
ing a photostimulable phosphor wherein said read- 
ing out proceeds with a high signal-to-noise ratio 
even when operating said method at high reading 45 
out speed and/or using a stimulation light beam of 
high energy to release fluorescent light from said 
phosphor. 

It is a further object of the present invention to 
provide a method for recording and reproducing a 50 
pattern of penetrating radiation comprising the 
steps of : 

(i) causing a visible radiation stimulable phos- 
phor to absorb penetrating radiation having 
passed through an object or emitted by an ob- 55 
ject and store energy of said penetrating radi- 
ation in said phosphor, and 
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(ii) stimulating said phosphor with visible radi- 
ation to release energy stored in said phosphor 
as fluorescent light, wherein said fluorescent 
light has a maximum of emission situated less 
than 80 nm remote from the spectral line or 
closest band edge of the emission band of the 
stimulating light source, and 

(iii) detecting said fluorescent jight with high 
signal-to-noise ratio. 

tt is still further an object of the present inven- 
tion to provide an apparatus for reading out a 
radiation image recorded in a recording means 
containing a photostimulable phosphor with high 
efficiency, high speed and high signal-to-noise ra- 
tio. 

In accordance with the present invention a 
method for recording and reproducing a pattern of 
penetrating radiation is provided which method 
comprises the steps of : 

(i) causing a photostimulable storage phosphor 
to absorb penetrating radiation having passed 
through an object or emitted by an object there- 
by storing energy of said penetrating radiation in 
said phosphor, and 

(ii) stimulating said phosphor with an electro- 
magnetic radiation beam striking to release en- 
ergy stored in said phosphor as fluorescent 
light, wherein said fluorescent light has a maxi- 
mum of emission situated less than 80 nm re- 
mote from the spectral line or closest band edge 
of the emission band of the stimulating light 
source, and 

(iii) detecting said fluorescent light after having 
substantially attenuated stimulating light by us- 
ing at the entrance of said detection means at 
least one holographic band-reject filter attenuat- 
ing by a factor of at least 10 5 the stimulating 
light striking said filter. 

In accordance with the present invention an 
apparatus for reading out a radiation image is pro- 
vided, which apparatus comprises : 

(1) a storage means which is a member com- 
prising a photostimulable storage phosphor, 

(2) a stimulating ray source for generating stim- 
ulating rays to which the photostimulable phos- 
phor after storing therein the energy of a pene- 
trating radiation pattern is exposed, and 

(3) a detection means for detecting the light 
emitted from the photostimulable phosphor by 
irradiation with said stimulating rays, character- 
ized in that said apparatus comprises at the 
entrance of said detection means a holographic 
band-reject filter attenuating by a factor of at 
least 10 s the stimulating light striking said filter. 
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4. Detailed Description of the Invention 

An important property of holographic band-re- 
ject filters is their very selective attenuation of light 
of a very small wavelength band as is generated 
by a monochromatic laser source and that they 
have a wide transmission band at both sides of the 
rejection band, which allows use of stimulating light 
with~a wavelength close to the wavelength range of 
the stimulated emission. 

As an example, the transmission spectrum of a 
holographic band-reject filter for 514.5 nm argon 
ion laser light is given in Fig. 2 of the article 
"Characterization of Holographic Band-Reject ni- 
ters Designed for Raman Spectroscopy" by M.J. 
Pelletier and R.C. Reeder published in the journal 
Applied Spectroscopy, Volume 45, Number 5, 
1991, p.766. The holographic band-reject filter, 2 
inch in diameter, for 514.5 nm light was obtained 
from Physical Optics Corporation, 20600 Gramercy 
Place, Suite 103, Torrance, California 90501, USA. 
Other holographic band-reject filters for 488 nm 
and 532 nm light are commercially available from 
said company under the Part Numbers RHE 488 
and RHE 532 respectively. 

Holographic band-reject filters are described 
by T. Jannson and J. Jannson, "High-Efficiency 
Bragg Holograms in The IR, Visible, UV and XUV 
Spectral Region, in Holographic Optics: Design and 
Applications, SPIE Vol. 883 SPIE, Bellingham, 
Washington, 1988), p.84. 

An embodiment of an apparatus suited for use 
according to the present invention is represented 
schematically in the accompanying drawing de- 
noted as Fig. 1. 

In said Fig. 1 , member 1 represents a flexible 
phosphor panel containing a photostimulable phos- 
phor having a fluorescent light emission maximum 
at 443 nm with half band width of about 30 nm as 
shown in Fig. 1 of published EP-A 0 304 121 and 
stimulation maximum at about 480 nm as shown in 
Fig. 2 of same EP-A. 

Said phosphor panel 1 after imagewise expo- 
sure to an X-ray image is scanningwise exposed 
with 488 nm light of argon ion laser 2 using a light 
deflecting mirror 3. 

A funnel-like fiber optics 4 collects emitted 
fluorescent light and reflected stimulating light. At 
the output side of said fiber optics a collimator 
lenssystem 5, e.g. 50-mm-focal length f/1.2 camera 
lens with + 1 and + 2 close-up lenses attached to 
collect and collimate the output light of the fiber 
optics, produces a bundle of sufficiently parallel 
light rays (collimated light). The collimated light is 
sent through a selected holographic band-reject 
filter 6. Light transmitted by said filter is focused on 
the photo-electron emissive surface of an electronic 
photomultiplier tube 7 producing an electrical sig- 



nal in correspondence with the received imagewise 
modulated fluorescent light. 

As alternatives for collimating the light emitted 
by the optical fibres the fibre ends of the fiber 

5 optics may be lense shaped or optical fibers with 
internal gradient of index of refraction (so-called 
gradient index tenses) are used as described e.g. 
by Yasuji Ohtsuka, Hirotaka YamazaW, Yasuhiro 
Koike in Applied Optics, Aug. 1981, Vol. 20, No. 

70 15, p. 2726-2730. Said optical fibers are available 
on the market under the tradename SELFOC. 

In said apparatus more than one holographic 
band-reject filter may be present in series to in- 
crease the light blocking of the stimulating light. 

75 Optionally said holographic filter(s) is (are) applied 
in combination with other filters such as e.g. glass 
filters (colour cut-off or band pass filters), dichroic 
filters, interference filters, short wave pass filters 
and short wave band pass filters, band reject filters 

20 being produced by aligned interference filters, so- 
called Raman Notch (RN) Series filters sold by the 
company OMEGA OPTICAL INC. 3 Grove Street, 
PO Box 573, Brattleboro Vermont 05301 USA. Well 
collimated light is necessary for proper use of said 

25 Raman Notch filters (see the catalogue of said 
company). 

In the method of recording and reproducing 
information according to the present invention pre- 
ferred light sources emitting stimulating light in the 

30 wavelength range of 410 nm to 550 nm are an 
argon ion laser wherefrom the 514.5 nm or 488 nm 
line is used, the frequency doubled Nd-YAG laser 
(532 nm), a He-Cd laser emitting at 442 nm, or a 
solid state (semiconductor) laser having an emis- 

35 sion below 500 nm or a solid state laser having a 
basic emission in the wavelength range of 820 to 
1000 nm but operated with frequency doubling. 
Another way to produce stimulating light with a 
wavelength below 500 nm is by sum-frequency 

40 mixing or two-photon upconversion of solid state 
laser light as described e.g. in the periodical 
"Lasers & Optronics", May 1990, p. 65-70. 

Suitable laser light sources for producing stim- 
ulating light with a wavelength shorter than 500 nm 

45 are mentioned in "Lasers & Optronics", December 
1990. p. 38. 

The superior performance of the holographic 
band-reject filter used according to the present 
invention is demonstrated by comparing the ratio of 
so emission light transmittance to stimulation light 
transmittance of said holographic filter with that of 
a conventional colour filter (glass filter). The com- 
parison is made for two combinations of stimulation 
and emission wavelengths of storage phosphors 
55 suited for use in radiography with laser stimulated 
luminescence of said phosphors. 

As shown in US-P 4,535,237 divalent europium 
activated barium fluorobromide phosphor having 
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bromine in excess with respect to fluorine have 
their maximum of fluorescent light emission at 390 
nm and a stimulation spectrum with a top below 
500 nm. For these phosphors stimulation with light 
of a He-Cd-laser (442 nm) or an Ar* laser (488 
nm) is therefore more efficient in photostimulation 
with the 633 nm light of a He-Ne laser. 

For the holographic filter the transmission of 
the 390 nm light is equal to 0.8 and the transmis- 
sion for the 442 nm light is less than 10" 5 . For a 
colour SCHOTT BG3 filter with a thickness such 
that the transmission at 390 nm is likewise 0.8 the 
transmission of 442 nm light is equal to 0.08. The 
ratio of the transmission of the emission light to the 
transmission of the stimulation light is therefore 
equal to 8x10* in case only one holographic filter is 
used, and said ratio is equal to 10 in case the 
SCHOTT BG3 colour filter is used. The use of said 
holographic filter in comparison with said colour 
filter provides by the obtained better blocking of 
the stimulating light a much better signal-to-noise 
ratio. 

In published EP-A 0 304 121 a divalent 
europium activated barium halosilicate phosphor is 
described with an emission spectrum having a top 
at about 443 nm and a half band width of 30 nm 
(see Rg. 1 of said EP-A). The stimulation spectrum 
of said phosphor having a maximum below 500 nm 
is given in Rg. 2. 

For said phosphor stimulation with light of an 
Ar laser (488 nm) is therefore more efficient than 
with light of 514.5 nm. 

For the holographic filter RHE 488 the trans- 
mission of the 443 nm light is equal to 0.8 and the 
transmission for the 488 nm light is less than 10" 5 . 
For a colour SCHOTT BG3 filter with a thickness 
such that the transmission at 443 nm is likewise 0.8 
the transmission of the 488 nm light is equal to 

0. 19. The ratio of the transmission of the emission 
light to the transmission of the stimulation light is 
therefore equal to 8x10* in case a holographic filter 
is used, and said ratio is equal to 4.2 in case the 
SCHOTT BG3 colour filter is used. The use of said 
holographic filter in comparison with said colour 
filter provides by the obtained better blocking of 
the stimulating light a much better signal-to-noise 
ratio. 

The use of two holographic filters in series is 
preferred for obtaining a markedly improved signal- 
to-noise ratio. 

Claims 

1. A method for recording and reproducing a 
pattern of penetrating radiation comprising the 
steps of : 

(i) causing a photostimulable storage phos- 
phor to absorb penetrating radiation having 



passed through an object or emitted by an 
object thereby storing energy of said pene- 
trating radiation in said phosphor, and 

(ii) stimulating said phosphor with an elec- 
5 tromagnetic radiation beam striking said 

phosphor to release energy stored in said 
phosphor as fluorescent light, wherein said 
fluorescent light has a maximum of emis- 
sion situated less than 80 nm remote from 
w the spectral line or closest band edge of the 

emission band of the stimulating light 
source, and 

(iii) detecting said fluorescent light after hav- 
ing substantially attenuated stimulating light 

75 by using at the entrance of said detection 

means at least one holographic band-reject 
filter attenuating by a factor of at least 10 5 
the stimulating light striking said filter. 

20 2. Method according to claim 1, wherein said 
filter attenuates stimulating 514.5 nm or 488 
nm light of an argon ion laser. 

3. Method according to claim 1, wherein said 
25 filter attenuates stimulating 532 nm light of a 

frequency doubled Nd-YAG laser. 

4. Method according to claim 1, wherein said 
filter attenuates stimulating 442 nm light of a 

30 He-Cd laser. 

5. Method according to claim 1, wherein said 
filter attenuates stimulating light stemming 
from a solid state (semiconductor) laser having 

35 its inherent emission below 500 nm or having a 

basic emission in the wavelength range of 820 
to 1000 nm but operated with frequency dou- 
bling. 

40 6. Method according to claim 1, wherein said 
filter attenuates stimulating light with a 
wavelength below 500 nm produced via sum- 
frequency mixing or two-photon upconversion 
of solid state laser light. 

45 

7. An apparatus for reading out a radiation image, 
which apparatus comprises : 

(1) a storage means which is a member 
comprising a photostimulable storage phos- 

50 phor, 

(2) a stimulating ray source for generating 
stimulating rays to which the photostimula- 
ble phosphor after storing therein the en- 
ergy of a penetrating radiation pattern is 

55 exposed, and 

(3) a detection means for detecting the light 
emitted from the photostimulable phosphor 
by irradiation with said stimulating rays, 
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characterized in that said apparatus com- 
prises at the entrance of said detection 
means at least one holographic band-reject 
filter attenuating by a factor of at least 10 5 
the stimulating light striking said filter 5 

& Apparatus according to claim 7, wherein the 
stimulating ray source is an argon ion laser 
emitting at 514.5 or 488 nm. 

10 

9. Apparatus according to claim 7, wherein the 
stimulating ray source is a frequency doubled 
Nd-YAG laser operating at 532 nm. 

10. Apparatus according to claim 7, wherein the 75 
stimulating ray source is a He-Cd laser emit- 
ting at 442 nm. 

11. Apparatus according to claim 7, wherein the 
stimulating ray source is a solid state 20 
(semiconductor) laser having an emission be- 
low 500 nm or having a basic emission in the 
wavelength range of 820 to 1000 nm but is 
operated with frequency doubling. 

25 

12. Apparatus according to claim 7, wherein the 
stimulating ray source emits light with a 
wavelength below 500 nm produced via sum- 
frequency mixing or two-photon upconversion 

of solid state laser light. 30 



35 
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